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Abstract: In the present study to find the effect of flat and sloping ground on building performance
ground slopes of 00 and 100 are considered in modeling of buildings of height G+15 RCC structures
having material properties M40 grade for concrete and Fe500 for reinforcing steel and structures
dimensions are length = 6x10= 60m, width = 6x5 = 30m and heights of G+15 is 48m from the plinth level,
the support conditions are chosen to be fixed base and foundation depth is considered as 2m below the
ground level structures are modeled using ETABS in seismic zones II, III, IV, V as per IS 1893-2002
methods used for seismic load generation are Linear static analysis, Response spectrum analysis and
Time history analysis. The results are shown in terms of graphs and tables.
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I. INTRODUCTION:
Generally the structures are constructed on level
ground. In some areas the ground itself is a slope.
In that condition it is very difficult to excavation,
leveling and it is very expensive .Due to the
scarcity of level ground engineers started
construction on sloppy ground itself. Some of the
hilly areas are more prone to the earthquake. In that
areas generally construction works carried out by
locally available materials such as bamboo, timber,
brick, RCC and also they gave more important to
the light weight materials for the construction of
houses. As the population density increases at hilly
region requirement of structure also increases. The
popularity and demand of multistory building on
hilly slope is also increases. The unsymmetrical
buildings require great attention in the analysis and
design under the action of seismic excitation. Past
earthquakes in which, buildings located near the
edge of a stretch of hills or on sloping ground
suffered serious damages. The shorter column
attracts more forces and undergoes damage, when
subjected to earthquakes. The other problems
associated with hill buildings are, additional lateral
earth pressure at various levels, slope instability,
different soil profile yielding unequal settlement of
foundation. Earthquakes are one of the most
destructive of natural hazards. Earthquake occurs
due to sudden transient motion of the ground as a
result of release of elastic energy in a matter of few
seconds. The impact of the event is most traumatic
because it affects large area, occurs all on a sudden
and unpredictable. Earthquake not only damage
villages, towns and cities but also leads to
economic and social system of a country. The
vibration can affects settlement. Some of the soil
types like, alluvial or sandy, silts get fail during
earthquake when compare to other soils.
Earthquake can be measured by Magnitude (M)
which was obtained by recording the data of
motions on seismograms. But shaking of the
ground surface will have different intensities at
different locations for the same magnitude. This
can be measured by MMI scale. Floor mass
irregularity is the occurrence of large mass on a
floor or when one floor is much more when
compare to other floors, e.g., heavy structures like
machinery or a swimming pool installed on an
intermediate floor of a building. In case of
unavoidable situations or non-compliance the ratio
of mass to stiffness of two adjacent Storeys’ should
be made equal. Mass irregularities cause the
dynamic response of the structure by increasing
ductility demands at a few locations and lead to
unexpected higher mode effects.
II. RELATED STUDY:
Multistoried R.C. framed buildings are getting
popular in hilly areas because of increase in land
cost and under unavoidable circumstances due to
shortage of land in urban areas. Thus, many of
them are constructed on hilly slopes. Setback
multistoried buildings are frequent over level
grounds whereas stepback buildings are quite
common on hilly slopes. Combinations of stepback
and setback buildings are also common on hilly
slopes. At the location of setback stress
concentration is expected when the building is
subjected to earthquake excitation. These are
generally not symmetrical due to setback and/or
stepback and result into severe torsion under an
earthquake excitation. Current building code
suggests detailed dynamic analysis for these types
of buildings. Buildings in hilly areas are irregular
and asymmetric and therefore are subjected to
severe torsion in addition to lateral forces under the
action of earthquake forces. Many buildings on hill
slopes are supported by columns of different
heights. The shorter columns attract more forces as
the stiffness of the short columns is more and
undergo damage when subjected to earthquakes.
Buildings in hilly areas are subjected to lateral
earth pressure at various levels in addition to other
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normal loads as specified on building on level
grounds. Building loads transmitted at the
foundation level to a slope create problem of slope
instability and may result into collapse of the
building. The soil profile is non uniform on the
hilly slopes and result into total collapse of the
building. The bearing capacity, cohesion, angle of
internal friction, etc. may be different at different
levels. It may result into unequal settlement of
foundations and local failure of the slope.
Simplified approaches for the seismic evaluation of
structures, which account for the inelastic behavior,
generally use the results of static collapse analysis
to define the global inelastic Performance of the
structure. Currently, for this purpose, the nonlinear
static procedure (NSP) which is described in
FEMA-273/356 and ATC-40 (Applied Technology
Council, 1996) documents are used. Seismic
demands are computed by nonlinear static analysis
of the structure subjected to monotonically
increasing lateral forces with an invariant height-
wise distribution until a predetermined target
displacement is reached.
III. METHODOLOGY AND ANALYSIS:
In the present study three G+15 structure models
with foundation depth of 2m and bay widths in
length and width directions of 6m each, support
conditions are assumed to be fixed at the bottom or
at the supports/footings. The structures having
length = 6x10 = 60m, width = 6x5 = 30m and
height = 20m. Ground slopes considered of angles
00, 100.The structures modeled in ETABS structural
analysis and design software by considering
various loads and load combinations by their
relative occurrence are considered the material
properties considered are M30 grade concrete and
Fe415 reinforcing steel bars. Methods of analysis
considered are linear static analysis, Response
spectrum analysis and Time history analysis.
Fig.3.1. floor plan of structure-1 and structure-
2.
Fig.3.2. elevation of structure-1resting on 00 ground slope.
Fig.3.3. three dimensional views of structure-1
and structure-2.
IV. EXPERIMENTAL ANALYSIS:
An effort in made to study the behaviour of regular
RC buildings in comparison with RC buildings
having mass irregularity at different floor levels.
Here in the present study, the behaviour of each
models are captured and the results are tabulated in
the form of Base shear, top displacements and inter
Storey drifts, Storey shear in linear analysis.
Fig.4.1. maximum lateral displacements of structure-
1.
Fig.4.2. maximum storey drift of structure-1.
Fig.4.3. displacement of structure in 3d view.
Fig.4.4. bending moment variation in beams.
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Fig.4.5. column forces in structure
V. CONCLUSION:
The following are the results drawn from the
analysis of G+15 buildings resting on non-sloping
and sloping ground levels by using linear static,
response spectrum and time history analysis slopes
considered are 00(structure-1)and 100(structure-2)
seismic loads are applied parallel to x and y
directions. It is observed that with the increase in
the seismic zones from zone-2 to zone-5 the
parameters such as bending moments, shear forces
and deflections are in increasing order. Shorter
columns are observed to be stiffer than longer
columns and are subjected to higher storey forces.
Storey drift, lateral load on story’s and storey shear
and found to be same in structure- 1 & structure-2.
Lateral load is found to be 730kN in structure-1for
linear static analysis and 240kN for response
spectrum and time history analysis. Lateral load in
structure-1 is reduced by 67.13%for response
spectrum and time history analysis. Lateral load is
found to be 150kN in structure-2 for linear static
analysis, response spectrum and time history
analysis. Storey shears are found to be 7200kN in
structure-1 and 1600kN in structure-2. Maximum
Support reactions at the base are 4570.52kN,
13395.49kN and 184886kN for linear static,
response spectrum and time history analysis.
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